In theories with gauge mediated supersymmetry breaking, the scalar tau, (τ 1 ) is the lightest observable superpartner for part of the parameter space.
In spite of many interesting features of supersymmetric theories, the mechanism of supersymmetry breaking and how it is communicated to the observable sector has been a major area of concern for over a decade. In most of the previous work it has been assumed that the supersymmetry is broken in a hidden sector at a scale of ∼ 10
11 GeV, and communicated to the observable sector via the gravitational interaction. However, this scenario has a major problem involving flavor changing neutral current (FCNC). This can be avoided if supersymmetry is broken in a hidden sector at a scale 10 5 GeV, and communicated to the observable sector by means of the Standard Model (SM) gauge interaction [1] . The number of parameters is also smaller in these gauge mediated models (GMSB) which makes them more predictive. These models have a very distinctive feature, the gravitino is the lightest supersymmetric particle(LSP) and all super particles must ultimately decay to it. This feature gives rise to some new signals in colliders that may be observed in the near future.
One interesting aspect of gauge mediated models is that the role of the next-to-lightest supersymmetric particle (NLSP) can be taken by either the lighter scalar tau (τ 1 ) or the lightest neutralino. In the past year a lot of work has been done [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] in these models motivated in part by the fact that, when the neutralino is the NLSP, the CDF event (eeγγ+missing energy [12] ) can be explained. However there is a vast region of parameter space where the lighter stau can be the NLSP and the lightest neutralino is the NNLSP(Next to Next to LSP). Recently, we considered neutralino pair production in these scenarios where the stau is the NLSP and showed that the neutralino pair gives rise to 4τ + missing energy in the final state without any standard model background [13] . In this paper we look at direct production of stau in the scenarios where the lighter stau is the NLSP as well as in the scenarios where neutralino is the NLSP. In the first case, since the only decay mode available to a lighter stau is to decay into a τ and a gravitino, the signal is 2 τ + missing energy.
We compare the signal with the background generated from W pair production (each W can decay into a τ and a tau neutrino(ν τ )), and show that the angular distribution of the individual τ 's will make the signal look very different from the background. For the 2nd case the signal is 2 τ +2γ with missing energy since each stau decays into a neutralino and a τ and the neutralino then decays into a hard photon and a gravitino. So the signal itself can discern the two cases. We also discuss the angular distribution and energy distribution of the decay products in the 2nd case.
In GMSB models the superparticle masses depend on five parameters M, Λ, n, tan β, µ.
M is the messenger scale, M = λ < s >, where < s > is the VEV of the scalar component of the hidden sector superfields, and λ is the Yukawa coupling. The parameter Λ is equal to < F s > / < s >, where < F s > is the VEV of the auxillary component of s. F s can be ∼ F [14] , where F is the intrinsic SUSY breaking scale. In GMSB models, Λ is taken around 100
TeV, so that the colored superpartners have masses around a TeV or less. The parameter n is fixed by the choice for the messenger sector. The messenger sector representations should be vector like (for example, 5 +5 of SU (5), 10 +10 of SU(5) or 16 +16 of SO (10) The soft SUSY breaking gaugino and the scalar masses at the messenger scale M are given by [1, 15] 
Here n corresponds to n(5 +5). g(x) and f (x) are messenger scale threshold functions with x = Λ/M.
We have calculated the SUSY mass spectrum using the appropriate RGE equations [16] with the boundary conditions given by equation (1) and (2), and varying the five free parameters. Although in principle the messenger scale is arbitrary (with M/Λ > 1), in our analysis we have restricted 1 < M/Λ < 10 4 and chosen Λ ∼ 100 TeV. For the messenger sector, we choose 5 +5 of SU (5), and varied n(5 +5) from 1 to 4. In addition to the current experimental bounds on the superpartner masses, the rate for b → sγ decay puts useful constraints on the parameter space [6, 7, 17] . It is found that [6, 8] for n = 1 and low values tan β (tan β ≤ 25), the lightest neutralino χ 0 is the NLSP for M/Λ > 1. As tan β increases, is again naturally the NLSP for most of the parameter space. In Tables 1 and 2 we show five sets of spectrum where the lighter stau is the NLSP and five sets where the lightest neutralino is the NLSP. We use these scenarios for detailed calculations.
Let us first discuss the production cross section of theτ 1 pair in the scenarios 1-5 of Table 1 , where the lighter stau is the NLSP. The total cross-sections are given in Table 3 for three LEP2 energies, √ s =172, 182 and 194 GeV . Each of the producedτ 1 will decay into a τ and a gravitino with essentially a 100% branching ratio. Thus, fromτ 1 pair production, we obtain final states with two τ 's and missing energy. For example, the number of events in scenario 5 for √ s =182 GeV, with 100pb −1 luminosity, is 27, and for √ s =194 GeV , with 250pb −1 luminosity is 70. The decay,τ 1 → τG is fast enough so that it takes place inside the detector. (If √ F is much larger than a few 1000 TeV [18] , thenτ 1 will decay outside the detector. In that case the signal will be 2 heavy charged particles passing through the detector).
There is a considerable background from W production, where each W decays into a τ and a neutrino. However since the staus are scalar particles, their angular distribution is different from the W distribution. This shows up in the individual τ angular distributions. In Figure 1 we show these angular distributions of the τ s. As expected the angular distribution of the τ coming from stau decay is basically flat; the same distribution from W decay has significant θ dependence (as measured from the beam direction). Consequently, the signal is almost twice the background for τ − when cosθ is negative. The opposite thing happens for
e the positive values of the cosθ regions need to be searched for τ + in order to extract the signal.
The information in Fig.1 , and its mirror image for the τ of the other charge, is made more precise in Table 4 where we give the fraction of events that should be found in each bin of width 0.2 in cosθ + and in cosθ − . Figure 2 shows the distribution in the angle between the two tau is very similar in stau or W production.
In Table 3 we also show the cross-section for charged Higgs production in a usual SUSY model. The charged Higgs in the GMSB model are too heavy to be produced at LEP 2 but in other models they could be light and, because they decay into a τ + ν τ with essentially 100% branching ratio if tanβ is greater than 2, and because they are produced with the same angular distribution as the stau, they are indistinguishable from stau production of the same mass in GMSB except through the total production rate which is a little larger than for stau. For example the number of events, when the charged Higgs mass is comparable to the lighter stau mass in the scenario 5, is 34 for √ s =182 GeV with 100pb −1 luminosity and is 89 for √ s =194 GeV with 250pb −1 luminosity. So if a two tau signal is observed at LEP 2, with a limited number of events so that the difference in the production rate is not sufficient to discern between these two models, then other signals, such as 4 τ + missing energy from neutralino pair production [13] , will have to be used. We note here that in the case of charged Higgs pair productions, with subsequent decay into τ will have similar angular distribution as those coming from stau. Thus, the signal for the charged Higgs can also be distinguished from the W-background using the distribution shown in Fig1.
We now discuss the scenarios of Table 2 where the lightest neutralino is the NLSP. In Table 5 we give the cross section where staus are produced. The signal in this case is different than the signal in the case where stau is the NLSP; here each stau will decay into a τ and a neutralino and the neutralino will then decay into a gravitino and a photon giving rise to 2 τ + 2 γ + missing energy in the final state. The photons are hard and they can be easily seperated from bremsstrahlung. The number of events in scenario 6 for √ s =182 GeV, with 100pb −1 luminosity, is 30 and for √ s =194 GeV , with 250pb −1 luminosity is 77. Since the neutralino is the NLSP in these scenarios, they can be pair produced more easily than the staus. Consequently the signal of 2 photons(hard) and missing energy in the final state coming from the neutralino decays could be used to discover SUSY and a detailed analysis of the stau production will then give information on particular models.
We now give three graphs showing the angles and energies of the final state τ s and photons. There is nothing very surprising in these plots but we include these because they might be useful in verifying that detected τ s and photons are from this process.In Figure 3 we plot the angular distributions of the one of the emitted photons and the distribution of the angle between the two emitted photons. The angular distribution of the single photon is almost isotropic while the angular distribution of the angle between the photons has θ dependence; the distribution is large when cosθ is negative. The angular distribution of one of the τ , or of the angle between the two τ looks very similar to Fig. 3 . In Fig. 4 we show the angle between a tau and a photon from the same stau decay and between a tau and a photon which come from opposite stau decays. In Fig. 5 , we also plot the energy distributions of the decay products, ie., the total missing energy, the energy of one of the photons and the energy of one of the τ 's. Since the massive neutralino carries more than half of the energy of the lighter stau, each gravitino carries more than 1/6 of the total energy and the total missing energy distribution becomes a maximum at more than 1/3 of the beam energy. The energy distribution for the τ 's and photons maximize at much smaller energy.
In this paper we concentrated on the production of staus. There are other scalar particles, selectron and smuon, whose lighter component's masses can be less than the beam energy but this is usually not the case for LEP II. Even when they are lighter their masses are greater than that of the stau and close to the beam energy so that their production is suppressed relative to that of the stau. Production of selectron is further suppressed by the additional contribution of neutralino exchange in the t-channel while the production rate of the smuons is the same except for the effects of the different (larger) mass. There are three possible signals for the production of selectrons (smuons):
where E b is the beam energy, then theẽ will decay to e + χ 0 followed by χ 0 → τ +τ and In conclusion, we have discussed the production of scalar staus and their decay modes in gauge mediated models in the scenarios where the lighter stau is the NLSP as well as in the scenarios where the neutralino is the NLSP. We have discussed the background for the individual cases and have shown how the signal can be extracted from the SM background.
We also have noted that the charged Higgs in the supergravity models can have signatures that are almost identical to that of the stau in these models so that observation of this signal is a sign of new physics but not necessarily of gauge mediated supersymmetry breaking.
After finishing this work, we came across a preprint by S. Ambrosanio, G. D. Kribs and S. P. Martin, hep-ph/9703211, which has partial overlap with our work.
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